Two studies were conducted to determine the relative importance ofprocessing speed and knowledge as predictors of performance in simple verbal tasks within samples of young and old adults. Eight diJferent criterion tasks weie investigaled, and performance on each was found to be significantly related both to speed of processing and to quantity of word knowledge. It was also discovered that although young adults were faster thsn okl adults and that old adults were equal or superior to young adults in relevant knowledge, the same regression equations couW be used to predict criterion performance in both groups. These results therefore suggest that any age-related compensation that exists in these tasks is rather weak, in the sense that speed and knowledge appear to have the same importance in young and old adults, and only the average levels of the predictors dffir as a.function of age.
fT is well established that increased age is ofien associated r with klwer levels ol'processing efliciency, as reflected by slower responses, in many cognitive tasks (e.g., see , fbr a review). However, increased age is also fiequently assumed to be ass<tciated with greater amounts of experience, which might lead to broader and more extensive knowledge. An issue of considerable interest in light of these two trends is how processing speed and knowledge jointly influence perfirrmance on tasks involving both factors, and, in particular, whether there are age-related differences in the pattern of these influences.
Whenever there are two or m<tre determinants of perfbrmance on a task, it is possible that the same level of perfbrmance could be achieved with ditfbrent combinations of abilities. In thc literature concerned with psychology and aging, this possibility is often discussed within the rubric of compensation. For example, if older adults have a greater amount of knowledge than young adults in a particular domain, then it might be expected that they would rely on this knowledge to compensate fbr any age-related declines in processing efliciency that might have occurred. Although this speculation seems reasonable, the mechanisms (i.e., particular combinations of abilities and processes) by which the presumed compensation takes place in a given task have not yet been identified. One possible exception is in the activity of transcription typing, where research suggests that older adults appear to rely on anticipatory processing to a greater extent than young adults when perfbrming at the same overall level of speed (Salthouse, 1984) . However, there is apparently no convincing evidence for age-related compensation in tasks with a greater cognitive component.
At least two possibilities can be proposed with respect to the nature of compensation in tasks involving both speed and knowledge. One possibility is that there is a change in the composition of the task, as reflected by an alteration in the relative importance of speed and knowledge as predictors of task performance, As an example, the speed of performing addition would almost certainly become less important in the solution of multiplication problems after one has learned the multiplication table. lf the knowledge is procedural ("howto" knowledge) in nature, then it may lead to alterations in the way the task is performed, and if the knowledge is declarative (factual infbrmation) in nature, then the individual may already have stored solutions from previous encounters with the task. In either case, efficiency of basic processing might be expccted to be a less important determinant of individual dif'ferences in perfbrmance within a sample of people with high levels of relevant knowledge than in a sample with lower levels of knowledge.
A second possibility regarding compensatory mechanisms is that the relative importance of processing efficiency and knowledge may remain the same, but diff'erent groups of people may vary in the average values of each factor. That is, the same determinants of individual differences in perlbrmance may be important in samples of different ages, but the samples may vary in the average levels of those determinants. A relevant analogy here might be vocabulary knowledge and grammatical knowledge as predictors of overall linguistic competence. Knowledge of vocabulary and grammar could have the same relative importance in predicting linguistic competence in two groups who learned a language with different methods. even if one group had a higher average level on the measure of vocabulary knowledge and the other group had a higher average level on the measure of grammatical knowledge.
Distinguishing between the two alternatives outlined above requires tasks in which it is possible to assess two or more hypothesized determinants of perfbrmance, which in the present situation are relevant knowledge and processing efficiency. This is not often feasible in many naturalistic activities, because the activities are so complex that it is difficult to specify, much less to assess, the relevant knowledge. An assumption underlying the current research is that evaluation of the influence of both knowledge and processing efficiency may be more feasible with relatively simple verbal tasks. At least as a first approximation, it seems reasonable to assume that relevant word knowledge can be assessed in terms of performance on vocabulary tests, and that the efficiency of simple processing can be assessed in terms of pertbrmance on specded perceplual comparison tests.
The criterion tasks used in the present studies are illustrated in Figure l . Four dif'ferent tasks were investigated in each of two studies in order to provide a relatively broad evaluation of the phenomenon. The measures of perfbrmance in the verbal tasks were not necessarily expected to be highly correlated. but the tasks were all of interest because word knowledge and processing efficiency or speed were postulated to be important in each. As an exantple, consider the anagrams task presented in Study I . Performance on this task is expected to be facilitated with greater word knowledge because of better understanding of sequential constraints and probabilities of particular letter combinations in the language, and because recognition of words and word liagments is likely to be superior when there are more words in one's knowledge system. In f'act, Hayslip and Sterns (1979) Anagram performance might also be expected to be enhanced among individuals who are faster at processing information because of more rapid processes of search, transformation, and exploration of letter permutations.
The same analytical strategy was used with each of the verbal tasks illustrated in Figure l . The reasoning is as follows. If the relative importance of speed and knowledge differs in the two groups, then coefficients liom thc regression equations predicting perlornrance on the tasks would be expected to have different values in samples of young and old adults. For example, word knowledge might have a larger regression weight fbr old adults than lbr young adults, whereas the opposite may be the case fbr processing efficiency or speed. However, if young and old adults diffbr primarily with respect to their average levels of word knowledge and speed, and not in terms of the relative importance of these f'actors for task perfbrmance, then the same regression equations should be found to apply in both groups.
The two studies in this prtlect were very similar, and thus will be described krgether to conserve space and minimize redundancies. Word knowledge in both studies was assessed by perfbrmance in two relatively difficult multiple-choice vocabulary tests, one involving antonyms and the other synonyms. The same two measures of perceptual comparison speed. one involving pairs of letters and the other pairs of line patterns, were also used in both studies. Because of a desire to separate thc influence of peripheral sensory and motor speed fiom the speed of perfbrming more cognitively demanding operations, two tests of motor speed were also administered. Finally, in order to provide a comparison with another moderately complex task not expected to be sensitive to amount of word knowledge, the Digit Symbol Substitution Test (Wechsler, 198 l) was also administered to all research participants.
Mp,rHoo
Sub.jects. -Characteristics of the samples of young and old adults participating in the two studies are summarized in Table I . Young adults in both studies were college students participating in partial fulfillment of a course requirement. The older adults in Study I were recruited from an adult education program, whereas most of those in Study 2 were recruited fiom an adult community center. All of the older adults, or their designated organization, received a nominal payment for their participation.
Inspection of Table I reveals that the young adults in the two studies were very similar, but that the older adults in Study 2 were somewhat older than those in Study l, with lower ratings of self'-reported health and lower vocabulary and Digit Symbol scores. It can also be seen that the older adults reported more recent experience reading both books and magazines than did the young adults. Older adults reported more recent experience with word puzzles than did the young adults in Study I, but there was no difference in this dimension across the samples of young and old adults in Study 2.
Procedure. -All participants within a given study performed the tasks in the same fixed order. The order for the (Wechsler, 1981) . The Digit Copy and Letter Copy tasks were similar in format to the Digit Symbol test in that they consisted of a series of pairs of boxes with a digit (or a letter) in the top box and nothing in the bottom box. Unlike the Digit Symbol task, however, in these tasks the research participant merely had to copy the character from the top box in the bottom box. Because there was very little cognitive requirement in these copying tasks, they were presumed to assess motor speed. The line marking tasks used in Study 2 were also intended to assess motor speed, because the individual merely had to create plus marks by drawing horizontal lines across vertical lines, or by drawing vertical lines across horizontal hnes.
The Pattern Comparison and Letter Comparison tasks were very similar to those described by Salthouse and Babcock (1991) , and consisted of pairs of line patterns or letters that were either identical or that differed by one element (position of a line or identity of a letter). The task for the participant was to classify the pairs as same or dffirent as rapidly as possible by writing an S or a D on a line between the two members of the pair. All of the speed tasks were presented in a paper-and-pencil format and had a time limit of 30 sec, with the exception of the Digit Symbol test that had a time limit of 90 sec.
Items in the two vocabulary tests were adapted from assorted sources, such as commercially published practice tests for the Scholastic Aptitude Test. Pilot administrations and item analyses were used to select a set of 20 items, each with live alternative answers, fbr both a synonym test and an antonym test. The tests were administered with a time limit of 4 minutes. which was sufficient fbr nearly all participants to attempt every item.
Each of the criterion verbal tasks, portrayed in Figure l . was preceded by an example illustrating a typical item in the task and a possible solution. The tasks were then administered fbr the tirne limits indicated.
RESULTS
An initial factor analysis (specifying three f'actors and a promax rotaticln with k : 3) was conducted on the six predictor variables (two each designed to measure motor speed, perceptual speed, and word knowledge) separately in each age group to determinc whether the relations among variables were consistent with the hypothesized pattern. The results of thesc analyses. summarized in Table 2 , indicate that the loading patterns were as expected in both age groups in each study. Composite predictor variablcs were thcrelbre created by averaging the two measures of each construct. and these composites were used in the subsequent analyses.
It is noteworthy that thc correlations between the tactors (and between the conrposite scores) were considerably higher in the older adult samples than in the young adult samples. To illustrate, the correlations between the vocabulary and perceptual speed factors were .39 and .40 in the two older adult samples, but were only .05 and .06 in the two young adult samples. This suggests that the speed and knowledge predictors may not be as distinct in the older adult group as in the young adult group. Potential causes of this finding will be considered in the Discussion section.
Perfbrmance in the cliterion verbal measures was represented in terms of the number of correct items produced in the specilied time. lWebsters Ninth Nev'Collegjate Dictionary ' (1985) was used to verify the authenticity of the generated words.l Two alternative methods of scoring responses in the Scrabble task were examined, one in which the score represented the nunrber of unique words produced, and the other in which the score represented the number of connections between words. The correlations between the two measures were very high in both young (.97) and old (.99) groups, however, and consequently the number of unique words served as the single perfbrmance measure in this task.
Figures 2 and 3 illustrate the age effects on the primary measures in each study by expressing the perfbrmance of older adults in terms of the standard deviations of young adults. As expected from previous research, the age differences were quite pronounced and favored young adults for the motor speed, perceptual speed, and Digit Symbol measures. Also consistent with past research is the finding that the age differences were smaller and favored older adults, rather than young adults, for the vocabulary measures. Finally, it should be noted that the age differences in the soeeded verbal tasks were senerallv smaller than those in the Digit Symbol task in which there was assumed to be little or no influence of word knowledge.
Correlations among the criterion verbal measures were in the low to moderate range (i.e., median of .33 in Study I and median of .4'7 in Study 2). Because this suggests that the criterion measures may represent somewhat difl'erent constructs, they are treated separately in all subsequent analyses.
Correlations were also computed between each of the criterion verbal measures and the health and experience measures summarized in Table I . None of the correlations was significant in the young groups, but several correlations were signilicant (/, < .01) in the older groups. For example, self-rating of health had a correlation of -.24 with the Word Beginnings measure in Study 2, indicating that the scores were lower fbr those individuals with poorer ratings of their own health. Reported recent experience with word puzzles had the following significant correlations in the older groups: .25 forNouns, .36 forAnagrams, .41 for Word Endings, .48 for Making Words, and .40 for Scrabble. The available data do not allow a distinction between greater experience as the cause or the consequence of the higher performance on these verbal tasks, but it is nevertheless interesting that significarit relations were apparent only in the older groups.
The primary method of investigating the relative importance of speed and knowledge in young and old adults consisted of comparing the parameters of regression equations predicting performance in the verbal tasks in the two groups. Very similar patterns of results were evident when the data were analyzed in single regression equations including an Age x Predictor interaction term. That is, the interaction was significant (p < .tlt) in Study l only with the perceptual speed and vocabulary predictors with the Digit Symbol measure, and in Study 2 with the perceptual speed predictor for the Digit Symbol and Scrabble measures and with the vocabulary predictor for the Scrabble measure. Because the two analytical methods yielded comparable results, separate regression equations are reported to indicate the complete regression equations, and the percentage of variance accounted for, in each group. Initial analyses revealed that there was no significant influence of motor speed fbr any criterion measure in any group, and thus this predictor was deleted fiom subsequent analyses. Interactions of perceptual speed and vocabulary were also examined for each measure. The interaction was significant [i.e., F'( I ,73) : 9.561 fbr the older adults in the Scrabble measure. However, because this was the only measure with a significant interaction, and because the pattern was difficult to P33 Noles. PerSpd, perceptual speed; Vocab, vocabulary. *p < .ol. interpret (i.e., the effect of speed was greater among adults with higher levels of vocabulary), interactions of the predictor variables were ignored in subsequent analyses.
Results from the regression analyses are reported in Table  3 for Study l, and in Table 4 for Study 2. A z-value testing the difference between the parameters for young and old adults is reported below the parameters of the two groups.
SPEED AND KNOWLEDGE .496* 2.33* Inspection of the tables reveals that the only significant age differences were in the Digit Symbol measures in both studies, and in the Scrabble measure in Study 2. In each case, the differences corresponded to the older adults having smaller intercept values, but larger regression coefficients, than young adults. The only significant differences evident in any of the criterion verbal tasks were therefore in the direction of larger influences of both vocabulary and perceptual speed for older adults than for young adults.
The results summarized in Tables 3 and 4 indicate that there is little evidence that the functions relating speed and knowledge to performance on simple verbal tasks are different for young and old adults. That is, the lack of diff'erences in the regression equations for seven of the eight tasks suggests that the same regression equations serve to describe the relations among the predictor and criterion variables in each age group. This conclusion is admittedly based on the acceptance of the null hypothesis, but the samples within each study were fairly large, and the pattern was replicated across a variety of diffbrent tasks and two independent samples.
A final analysis was based on the relations among the primary variables in the combined data from both age groups in each study. The purpose of this analysis was to examine the influence of age on each of the predictor variables and on the criterion verbal measures. A model illustrating the relations of major interest is portrayed in Figure 4 . Multiple regression procedures were used to estimate the (standardized) path coefficients for each of the lines represented in this diagram. Coefficients among age and the three predictors are represented on the diagram, and those fbr the paths labeled I through 4 are listed in Table 5 .
Several points should be noted about the values in Table  5 . First, there is little eff'ect of motor speed on the criterion verbal measures, with a significant influence only evident on the S-Words measure in Study l. Second, the effects of perceptual speed and vocabulary were moderately large, with significant influences of perceptual speed on all but two measures and significant influences of vocabulary on every measure. And third, the direct or unmediated effects of age were small and nonsignificant on all measures except the Digit Symbol task in both studies, and the Word Switch task in Study l.
DISCUSSION
As expected, the age differences in these studies were much smaller in tasks in which knowledge of words was relevant to task performance than in tasks in which word knowledge was not relevant. That is, the older adults averaged between two and three standard deviations below the mean of young adults on the perceptual speed and Digit Symbol variables, but were within about one standard deviation on most of the criterion tasks. Moreover, this was true in both studies, despite a less elite sample (as judged from scores on the vocabulary and Digit Symbol tests) of older adults in Study 2 than in Study I . The results of these studies are therefore consistent with the view (e.g., Salthouse, 1988) that the magnitude of the age-related influences in a cognitive task depends on the balance of speed and knowledge required in the task. If successful performance is Table 5 . MOTSPD, motor speedl PERSPD, perceptual speed: VOCAB. vocabulary primarily dependent on speed, then the age effects can be expected to be quite large, as is evident in the Digit Symbol task. However, if knowledge is an important aspect of the task, as in most of the criterion verbal tasks examined in these studies, then the age effects can be expected to be much smaller. The data summarized in Figure 4 and Table 5 allow this argument to be made more specific. Consider the anagram task in which the regression coefficients were .527 for perceptual speed and .305 for vocabulary. If knowledge were not important in this task, then the total age effect would be expected to be -.44 total sample standard deviation units (i.e., -.833 x .527);but if only knowledge were important, then the total age effect would be expected to be .l I total standard deviation units (i.e., .364 x .305). Both the direction and the magnitude of the age effects can thus vary as a function of the relative involvement of speed and knowledge in the task. The results of these studies suggest that inconsistencies in earlier studies with tasks similar to those investigated here may be at least partially attributable to variations in the level of word knowledge or vocabulary ability among the research participants. That is, thc studies in which the age differences in fluency were quite pronounced (c.g., Birren, 1955; McCrae, Arenberg, & Costa, 1987) may have had samples with zero or negative relations between age and word knowledge , whereas studies with smallto nonexistent age relations (e.g.. Davis et al.. 1990: Mittenberg, Seidenberg, O'Leary. & DiGiulio. l9tl9; Schaie. 1983 ) may have had samples in which the older adults were equal to or superior to the young adults in word knowledge. The absence of significant age dilferences in anagram perlilrmance reported by Hayslip and Sterns ( 1979) may also be attributable to greater vocabulary knowledgc fbr oldcr participants relative to young participants in their study.
A major goal ol'the current studies was to determine the mechanism responsible for the reduccd age ef lbcts in tasks in which knowledge is likely to have a substantial influence. Two possible mechanisms were identified. One is that knowledge could bc more in'rportant in older adults, as re flected by a larger regression weight firr vocabulary as a predicbr of perfirrmancc in the criterion tasks. An alternative possibility is that the determinants ol'perfirrmance may remain the same in the two groups, but that older adults have a higher average level ofknowledge and a Iower average value ofspeed. These two possibilitics, although not mutually exclusive. have quite diff'erent implications about the role of knowledge in any agerelated compensation that may be occurring. In the lbrmer case, knowledge might be considered to replace speed as a primary determinant of individual dilterences in perfbrnance, whereas in the latter case both speed and knowledge would be still important, and only the average values of each predictor might change with age.
The results across the eight tasks in the two studies were more consistent with the second, weak. lbrm of cttmpensation because there was little evidence that the regression equations predicting criterion perfbrmance dif'fered across the two groups. This finding indicates that, even though young and old adults may differ in the average values of speed and knowledge, the two variables appear to have the same predictive importance in both groups. In other words. high levels of knowledge are just as advantageous to young adults as to older adults, and high levels of speed are just as advantageous to older adults as to young adults.
Another interesting result in these studies was the discovery that the conelations between the perceptual speed and vocabulary variables were substantially higher in the samples of older adults than in the samples of young adults. This type of "factor convergence" has been reported many times previously (e.g., Cunningham, 1980; Schaie, Willis, Jay, & Chipuer, 1989) and could have at least two potential origins. One possible cause of the higher correlations could be that the two abilities are more closely related with advancing age because people who experience declines in one ability also tend to have declines in other abilities that were once unrelated. This interpretation is consistent with the idea that there may be some type of common process underlying the age-related effects in different abilities, and that when it begins to deteriorate there are negative consequences for many abilities. A second possible cause of the larger correlations among older adults is that, even though there may be age-related declines in perceptual speed, those individuals with the fastest speeds may have experienced larger increases in their verbal knowledge over the years of adulthood, and consequently the higher correlation may be a reflection of a greater increase in acquired vocabulary information from the period of young to old adulthood for those individuals with the fastest values of perceptual speed. That is, individuals with faster speeds may be quicker at integrating a word with its context to infer its meaning, faster at comprehending and integrating information while reading, or simply more eff'ective at assimilating new information. This perspective thus suggests that the larger conelation between speed and knowledge among older adults is a reflection of many decades in which learning of word meanings was f'acilitated by f'aster speed of processing. Rather than representing differenlial decline across older adults with linked abilities. therefbre, the higher correlation with increased age may represent diff'erentiaf accumulation of knowledge with speed having a causal influence on the rate of information accumulation or learning.
Unfortunately, both of these suggestions are merely speculations at the current time, and more research is needed to determine whether the existence of larger conelations among older adults fbr abilities that are unrelated in young adults reflects a global deterioration, or a selective increase in one ability that might be at least partially mediated by the other ability. Regardless of the explanation for the larger correlations between variables in older adults, however. the results of the present studies appear unequivocal in suggesting that speed and knowledge have the same importance as predictors of performance in simple verbal tasks among young and old adults. Age differences are reduced in tasks with moderate to large knowledge involvement not because of changes in the predictive value of different factors at diff'erent ages, but because the average level of one performance determinant (knowledge) tends to increase with age at the same time that the average level of the other performance determinant (speed) tends to decrease.
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